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ABSTRACT

SOME RECENT CONTRIBUTIONS ™0 COMPUTER PROGRAMMING YANAGEMENT

Tne System Development Corporation (SDC) has been conducting resesrch into the

mansgement of the computer prograrming process since 1963. This paper briefly
describes some of the results of this re  rch, plus individual research by the
suthar, and the relevance and usefulness of the results to the operating

managey.

The paper emphasizes four specific types of management tcols that were produced:
(1) planning aids; (2) cost estimating guides; (3) a project reporting and

contrel systam; (4) a technique for ev uvating the effectiveness of certain

classes of computer-centered infcrmation systems. Each of these tools is

briefly described, and the research design and procedures used in their develop-

ment sre mentioned. The experience gained -- at SDC and elsewhere -- in
applying traditional research techniques to the computer programming process
has yimided certain insights regarding the economic and management dimensions

of computer prograr—ing, and several of these {nsights are discussed. Foremost

among this author's conclusions is that the management principles that apply to
any other ioordinative activity are equally applicable to the computer program-
ming process. Specific techniques may differ, especia.ly at the lower echelons,
but these diffevences pertain tc the technical skiils and procedures f the
production process; they are engineering, not management or ecconomic issues.

The paper conciudes with several general observations pertinent to future research
in computer programming economics and management, and the use of the management

tools described.

[P
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SOME RECENT CONTRIBUTIONS

TO CUMPUTER PROGRAMMING MANAGEMENT

INTRCDUCTION

This paper will discuss four comparatively recent tools that can be useful
to the manager of computer programming: (1) a planning aid; (2) st
estimating guides; (3) a project reporting and control system; and (4) a
technique for evaluating the effectiveness of certain classes of computer-
oriented irformation systems. The contributior of general management
principles, and the degree to which they shape the process of éreating
tools or techniques, should become apparent in the following sections of

this paper.

management is defined here as the process r" accomplishing objectives by
establishing au environment favoratle to performance by people operating

in organized groups. The essence of mAnaging consists in the .ctainment

of coordination or harmony of individual effort toward the achievement of
group zoals. The management process may be sald to consist of the performance
of specific {unctions, namely: planning, organizing, staffinyg and assembling
resources, direction, and control (1). Each of these functions applies also

tv the management of projects whose products are computer programs.
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It is my opiunlon that principles of management exist that are universal to
all forms of ~enrdinative activity. These principles consist o the
fundamental causal relationships that explain and help predict the results

of the management process, and serve to improve the results of the process

in terms of the desired goals. Management principles, therefore, apply
equally well to the fighting of a battle, the running of a technical meeting,
or the creation of a computer program. One such universal management principle,
for example, has been called the "principle of the primary of planning" (1).
That i{s, planning is the primary requisite to the other managerial functions
of organizing, staffing, direction, and ccntrol. This means that the degree
of control over a programming project (regardless of whether we are talking
about schedules, m~~-hours, or other resources) can be no greater than the
extent to which adequate plans have been made for the groject; {t can be
less, of course, since contingencies can force modifications in even the best
laid plans--but the extent of planning sets the degree of control that {s
possible. I suspect that this is the primary reason why control is los?

on many compiter programming projects. It {s not the comparative newness

of the computer programming process, difficulties with programmers, or
tecnnical factors--i{t {s simply that the programming projects are not

acequately planned in the first place.

The implicat{ons to the r inagers of computer programming of the universal
applicability of management principles is that their immediate and most

productive courgse of action is to applv the principies and tonls already
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at hand. The magnitude of improvements possible with this approach is
illustrated by my own research on administrative costs in the life insurance
industry (2), which showed that administrative costs could be at least halved
for the average life insurance company using their existing ADP equipment,
providing that these companies marage thelr affairs so as to achieve the
performance already demonstrated by their peers. The implications of this
universality of management principles to researchers, on the other hand, is
that these principles can become the guidelines for useful research. To the
extent that management priaciples are generally applicable, and the management
lessons of other disciplines can be used for computer programming projects,
the comparative newness of the -omputer programming process becomes largely
irrelevant; and productive research in the economics and management of the
pregramming activity, giver this existing foundation of management principl:s,
wil® most profitably focus on the creation of guides and devices for answering
technical, rather than managerial questions. This precess, fncluding th-
research emphasis on technclegical factors, 1. i{llustrated by the descripticns

that tollow.
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A PLANNING AID

As in other activities, planning computer programming projects ifivolves ﬁhe‘ o
selection from among alternatives of futur§ courses of action. fo pran:Q
accurate planning by first-level supervisors, thé Office of Naval Réiégrch
gponsored the development of a planning guide (3); designéd to étiﬁuiaﬁe more
complete consideration of the entire computer programming process. A se; of
planning and management tasks are defined in terms of the computer program.
developuent process; this involved dividing the programming process into

distinct phases, or steps, and identifying the detailed tasks (36‘§§pardte .
tasks are defined in the guide) within each step. For each task,‘ the information
and document inputs required to perform the task were listed, subtasks (there
were 4 to 13 for each task in the guide) a..re defined, the information and
documents resulting as output of the task are listed, as are scveral of the more
important factors that affect the costs of performing the tasks. A sémple lgﬁ-
out for presenting this information is i1llustrated in Fiéure l{} What was~do§e

in the construction of the planning guide, in essence, was to sﬁudy the technical

process of computer programming, and prepare 8 checkelist for the planner to

consider; the planner can then more readily apply planning ﬁrinciples with which

he was already familiar to this technical process.

It 1s noteworthy that the steps in the computer programming précess; although
containing technical distinctions, are nevertheless quitce eimilar to those in
the procurement cf other systems. This is illustrated in Figuve 2,:where e
comparison is made between steps in a general system life cycle. The four

general steps in Figure 1 are substantially equivaient to the procurement

SO A
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Steps in the
General Computer Program
System Life Cycle
Life Cycle
Economic Feasibility 1. Information Processing
Study Feasibility Analysis
2. Information Processing
System Definition Antlysis
3. Information Processing
Design
L, Computer Program Desigm
Se Computer Program
System Coding and Checkout
Acquisition
and 6. Computer Program
Installation Functional Test
T. Information Processing
Integration Test
8. Information Processing
Installation ard Implementation
System Operation 9. Information Processing

Program Maintenance

Figure 2.

Relationship of the Computer Program Procurement

Process to the. Procurement of Other Products.
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phases (conception, definition, acquisition, operation) specified in the USAF
gyastem management process {4), which was developed originalily for the procure-
ment of weapons systems hardware; in fact, the universality of mansgement
principles and their applicebility to the computer programming process 1s agsin
illustrated by the efforts expended in applying the USAF svstems nansgement

concepts to the menagement . computer progremming (5, €, 7, 8, 9).
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CUT =STIMATING RIDIS

The Electronic Systems Division of the Air Force Systems Command has sponsored
work directed toward the analy:zis of experience data tc develop tools for
estimating the costs (man hours, computer hours, and other resources expended)

cf the computer programring process, One of these studies, by the oystem
Development Corperation, collected data by questionnaire on 169 computer pro=
Srams o both government and industr . This work was conducted in cycles (10),
ecch marked by ceollection and analysis of new data tc improve upon esrlier
results. and culminated in a handbook (11) that siso included a collectiaon of
estimating rules-of=-thumb g ecaned from an examination of the technical literature.
The Syctenm Development Corporation hes been engaged in such research on the
economics and management of computer programming since 1963. 7Tue second study
was donc by the Planning Research Corporaticn, and invelved an extensive

interview of the cognizant personnel who worked on s total of eighteen computer
programs {12). Both of these studies used standard multiple regression tachniques
to generate equations for relating required resources to the various factors

presumed to infiuence tiie mpomitude of these resources.

The ma‘or portion of the statistical material published in the 3DC handbook 1s
based on data covering only computer program design, coding, and functional
test (steps &4, 5, &ud ©) of the computer program life cycle describved in
Fipgure 2. These data were divided into subsemples based on several types of
nrograms, and some of the characteristics of this subsample data ~= in terms
o' the three vaslic resources expended in writing programs -- are listed in

Table 1. It iu interesting to note that in terms of object instructions
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produced, orocedure-oriented languages (POL) demonstrates a statlstically
simmificant advantsge over machine-oriented languages (MOL), with lower resource
expenditure rates for both man-months and computer hours; discussions of this
point, and other conclusions from the data, are elaburated elsewhere (11, 13).
The data in Table I may be used in estimating resources 1f a reasonable

estimate of the number of object instructions can also be made.

Figure 3 based on a different arrangement of the dats, is also useful in
estimating man-ncrths when the approximate number of object instructions is
known. This curve was develored by arranging all of the programs in the sample
in ascending order by production rate (man-months per 1000 instructions), and
piotting these production rates for each program against the accumulative per-
cent\in the total sample covered by the seguence. Thus, that subset of programs
that comprises the 40% of the total sample with the lowest production rates
contains, from Figure 3, production rates cof two man-months per 100C object
instructions or less. This construction permits the abscissa to serve as ar
overall measure of the difficulty of the programming job. Example: 1if the

est fauator subjectively believed the program to be estimated is more "difficult”
than the median of the sample (50% on the abscissa), but not as "difficult” as
the more extrame values, he might choose to use production rates for the 60=80
percent ranje; then the expected resource experditure rate taken from the
ordinate wou.l be 3.9 to 6.3 man-months pes 1¢00 object instructions. In
Figure 3, tnhe tvpical range is arbitrarily defined to exclude the upper and
lower 20 pcvcentises. The high slope of the curve within this typical range is

an indication of the large wvariation in production rates in the samp.le. This
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MAN MONTHS
PER 1000 OBJECT INSTRUCTIONS

25 50 75 100 )

PERCENT OF TOTAL SAMPLE ::
BRL

Figure 3. Man M nths Expenditure Rates
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variation could mean that there are many factors, including intangibles, that
affect the expenditure of resources in computer programming; on the other hand,
it could also indicete that accepted management principles had not been

vigorously applied to the production process of the programs in the sample.

Multiple regression techniques have also been used tc investigate the impact

of various parameters on the expenditure of rescurces in computer ~ogramming.
Figure & illustrates one of the outputs of these efforts., Such work not only
produces equations, as in Figure L, that can be used for estimating purposes
(with appropri.te caveats); it also serves to identify factors that have
statisticall: significant impact on expenditures, and hence directs .anagement
attention to those critical factors, many of which are subject tc manage. ent
control. A disadvantage alsc erises, however, when the results of cost research
are published in the form of equations, as in Figure 4. Such equations are
I'requently interpreted by the user as demonstrating a specific causative
relationship; this is not the case. Equations developed by multiple regressinn
techniques do reveal important parameters, and may represent those relationships
that provide the moot statistically significant manner of describing the
character of the analyst's sample; however, they do not necessarily repr sent
natural laws, as do many of the equaticns used oy the engineer or phyvsiclst.
Alvo, they must be used in their entirety or not it all: ir a value for any

onv o7 the independent variables in Figure L were not available, the equation

¢ nild not be used as 1t stands, since repeating the multiple regression

aralysis vithout the ndssing parameter would result in a reassignment of

weishts Lo all of the remaining variables and the Y-intercept of tl'» equation.
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DATA BASE: N = 106 COMPUTER PROGRAMS
LARGE COMPUTER SUBSAMPLE (ConsISTING OF SvsTeEMs OB © ;2 g
WHOSE PURCHASE PRICE IS AT LEAST $750,000.) : '6:

r - .

TOTAL MAN MONTHS = Yl’ WHERE : HEAN = 54

STD. DEV. = 71
Bgs gy + g+ B
“Ug ) v B v 20, $ B0 - Bl
| L%+ 1040,

XB ~ Complexity i Program Syetem Interface. Coded: more than
502 of design effort devoted to data tranafer problems to
or from the progrem data point = 2; betw. a 10X and 302 effort
to data tranefer problems = 1; ieas than 10X = 0.

]

N o= 0m 152

XQS - Percent Clerical Instructions. Coded in percent.

X}D - Percent Information Storage and Retrieval Functions. Coded
in percent.

XSq - Frequency of Operation. Coded: not applicable = 0, less

4 then l/month, more than l/month and less than i/week = 2;
more than 1/week and less than l/day = 3; daily = 4; utility
¢ on-line (includi~« comptilers) = 5,

qu - External Documentation. Coded: number of pages written for,
or distributed to, customers.

qu y - Business Coded: as mutually exclusive binary variables;

+ {.e., programs classified as businees application
B = 1; remaining applications = 0.

XE1 - First Program on Computer: (- ded: yes = |; no = 0.
Xsu - Special Display Equipment: Coded: @apecial display

equipme~t used « 1; nut used = 0.
x56 - Random Access Device Used. Coded: use of guch storage

= 1; such storage not used = 0.
Xﬁu - Percent Programrers Participating in Program Design.
XGS - Personnel Continuity. Coded: uumber of nersonnel working for

the duration of the project, divided by the maximum number
assigned ~t any one time.

X7u ~ Number of Locations for Program Lata Poit Development.

Note: Subscripts are those usad in original source document (11).

Figure 4. Equation for Estimating Man Months
for Progrems Developed on Large Computers
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Another applicaticr of the available computer programming cost dats is illus-
trated in Figure 5. Here, expenditures of wan-monthe are related to the
concomitant expenditures in computer time required to debug the programs in
the sample The camparative advantage of the POLs in this sample of programs
is also apparent in these relationships. The relationships in Figure 5, as in
the equation in Figwre 4, again do not necessarily represent cause and effect;
that is, it is not meant to imply that a given expenditure of man-months will
require a concomitant indicated expenditure of computer hours. However, to
the extent that the sample used in this study is representative of a computer
program to be written, the estimator who has already determined what his
expected man-months will be can also arrive at an estimate of computer hours,
using Figure 5; tc this extent, Figure 5 can be a useful portrayal of the

historical dats.

Again, the abu.ve development of empirical tools te aid in the estimation of
computer programming costs involved nothing new in the way of elther principles
or techniques; it did involve an analvels of the components of the computer
programming process, and the application of availabie methodology to the study
of this process. And as is common in empirical cost research in other flelds,
the most significant limitation of these studies centered arourd the collection
of adequate cost data, It was this recognition of the inadequacies of ex-post-
facto data used in sll of these studles, as well as the possibilities offered
for more direct management conirol 0 compuier programming prolects, that

shifted efforts at SDC toward the deveiomaent of a cost collection and
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MEDIUM AND
SMALL COMPUTER
(MOL)

1500

1000

TEE HOURS

ComMp

500 =3

100 200

MAN MCNTHS

ARGE COMPUTER
(MoL)

LARGE
COMPUTER
(pPoOL)

300

Figure 5. Estimating Computer Hours from Man Months
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control svstem. If resources could he measured as they were expended, a mcre
acrurate cost history of computer programming preoiects couid be complled for

use in future research.
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A _COMPUTER PROCRAMMING PROJECT REPORTING SYSTEM

The Control Process

The managerial function of control involves the measurement and correction of
the performance of subordinates in order to make certain that enterprise
objectives and the plans devised to attain them are accomplished (1). Control,
therefore, implies the existence of plans, and a fundsmentﬁl principle of con-
trol applicable at any level of the organization is ﬁhat controls can be no
more effective than the degree to which they reflect the charsacter, strﬁcture,
and degree of detail inherent in these plans. Thus, 1if we are going to control
any coordinated human effort, including computer programming, we must be
willing to invest the effort required to produce an adequate plan. Perhaps the
most significant contribution to management made by the network techniques such
as PERT and CPM lies not in their capabilitie; of reporting deviations or
"critical paths" expeditiously, although these are valuablé attributes, but
rather in the fact that they force managers to plan. To use PERT, tasks and
milestones must bce defined, 1nterrelation§hips of thesc tasks and mileétones
established, and schedules (and often resources) estimated. These comments
suggest that one of the primary reasons why programming projects have slipped
schedules and grossly overrun their budgets in that they were not adequataly

planned in the first place, and hence alequate control simply was not possible.

Programming Project Reporting and Control

In recent years, attention has been given to planning and control of computer
programming by commercial computer users (e.g., 14), computer manufacturers

(e.g., 15), agencies of the Department of Defense (e.g., %, 5), and
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professional and management organizations (16). The Electronic Systems
Division of the USAF Systema Command has sponsored work at the System Develop-
ment Corporation for the development of a programming project reporting system
intended for use by Air Force agencies. There were two objectives of this
reporting system:
l. To provide a vehicle for the planning and control of USAF computer
programming projects. '
2. To collect a data base, from an analysis of which a better understanding
of the factors affecting computer programming could emerge. This
included the potential for develog;ng more accurate resource estimating

relationships.

The resulting product (17) consisted of a system wherein a computer programming
project was divided into the nine steps illustrated in Figure 2. These steps
were further subdivided into tasks (e.g., Step 8-~Information Processing
Installation and Implementation--consists of such tasks as file conversion,
operational testing, preparation of operating manuals, training, coordination,
etc.) for use with larger projects. The end points of these activitige (steps
and tasks) thus provide milestones for planning. And if all personnel working
on a project periodically report the time and resources they spend on each step

or tasks, progress can be effectively compared with plans and variances, if any,

discovered so that corrective action may be taken.

Figure 6 illustrates a sample summary report that would result from the use of

this reporting system. For the sample project shown, cnly the completion of
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the nine basic steps were differentiataed as milestones in tine original plan.

In this illustration, Step 4 has been completed, but the project 1s behind
(with an estimated 1 day siippage for the completion of Step 5), with a current
total overrun to date vf 23 man hours and 1.82 computer hovrs; 1f the overrun
continues at the rate exrperienced o date, a total overrun of 37 man hours is

expected.

This projec. reporting syvstem requires as input data the original estimates by
step (and by task if this degree of contrel is desired), periodic actual
expenditures, revised estimates, and comments 1f any. Outputs such as Figure 6
can then be prepared either manrually cr by a computer. The value of such a
system as an ald in planning and control should be evident from an observation
of Figure 6. The value of the system in developing a data base for future
research on t ° economics of the computer programming process is predicated to

a large extent on how well comparability between various prcjects can be main-

tained; adequate comparability can be achieved if at least the nine suggested steps

are used consistently for the planning of all projects, if a standard set of
subtasks is consistently used whenever more detailed control is justified, and
if some additicnal descriptive data (e.g., type of application, language used,

machine used, etc.) is collected on each project (13).
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A. TECHNIQUE FOR EVALUATING SYSTEM EFFECTIVENESS

The previous material in this paper dealt directly with planning, cstimating,
and controlling the computer programming process. The toole presented are
intended for use by operating managers of computer programming projects. By
contrast, the following material is far more conceptual and abstract. The
purpose is to briefly present the principal elements of a technique fer
evaluating 3 total productive system of which operating personnei, computers,
and computer programs all play a part. This material 1s thus intended more

for the staff specialist, whose interest is in the creation of management tools
and management information systems. Some of the more detailed operational
considerations of the application of the proposed technique, with a discussion
of the results of a trial using data from the life insurance industry, are
discussed elsewhere (2, 19); nanyv of the detalled procedures necessary to adapt
the techniques specifically in computer programming management problems still

remain to be developed.

The need for criteria and a methodology for evaluating the design and performance
of ADP systems has been frequently mentioned in the current literature (20). Of
particular interest for this paper is the call for measures in the form of

indices (21), since this is specifically achieved with the technique that follows.
Index numbers are devices for measuring differences in the magnitude of a ;roup
of related variables (22) and are particulr:ly useful for such complex phenomena
as the general price level (e.g., the Burean of Labor Statistics Index of

Wholesale Commodity Prices), business activity (e.g., the Federal Reserve Index
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of Industrial Production}, or qualitative changes or differences (e.g., Storie's

index for Rating the Agricultvval Value of Soils).

There has also been a widely expressed (e.g., Mr. Brandon's paper in this
session) need for standards of quality, or a means for evaluating the effective~
ness of computer programs. The priucipal difficulty in achleving adequate
measures of a computer program's effectiveness, however, is the inescapable

fact that computer programs chemselves are almost never an end product; rather,
computer programs are tne means by which computers are used to achieve cother
purposes. Thus, a measurement that focuses directly on computer program
efficiency or effectiveness constitutes, by definition, a sub-optimization.

This is why such measures as compile time, throughput time, amount of core used,
average pyLncess time per run, etc., will never be entirely satisfactory, even

if conceptual problems such as the definition of a "typical” job mix or

benchmark problem could be resolved.

The technique espoused herein avolds a direci tocus on either the computer hard-
ware or the programs by which it operates. Instead, overall measures of the
product ive process are provided, along with a means for tracing the components
oY these measures to their origins. The value of computer programs is thus
derived by implication from their effect. erformance of the total

system cf which camputer programs and hardware are but a part.

Tne object of the material to follow is to describe the proposed method for

developing evaluation indices for measuring relative overall operating efficiency
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of administrative systems sugmented by ADP.* This method 18 applicable to

those systems where, for the total syztem:

l. An objective, numerical measure of the system’'s output
can be devised.

2. Data from a sample of organizations of generally similar
outputs can be obtained,

3. More than onc input factor (e.g., personnel, and computer

hardware, is important to the productive process.

The method berrows from some well recognized tools of the economist, part-
iculiarly the concept of the production function. The idea behind the production
function is that the physical volume of output depends on the quantities of
productive agents used in the production process, and the efficiency with which
they are used. Although we wiil direct attention to only two productive agents,
labor and capital (or, more specifically, manpower and EDP equipment), it is

possible to extend the methed to as many productive agents as desired.

* Efficlency is defined here as the attainment of objectives at the least ex-
penditure of resources‘ or, as Harringtor Emerson phrased {t, efficiency is
"...the relation between what is accomplished and what might be accomplished.”

(23)

An administrative system is defined as a productive operation whose functfion
censists essentially of processing information or data, and does not involve
the physical handling of goods or materials. Administrative systems are a
creavion of management, a tool to help management do its iecb of coordination.
Computer prograrming is but one of the many elements that contribute to

the development and operatieén of administrative systens.
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When the factors of production may be used in different proportions, that is,
wiien they may be considered as substitutes for one another--the propor" -ns

of each productive agent required to produce given outpu.s may be represented
by & curve such as that shown in Figure 7 (and labeled the best-practice
production function). This productive-agent curve may be expected to have a
shape that is concave to the origin as illustrated.* It repres nts the techni-
cal considerations pertinent to the production process; that is, any point

on the curve represents the relative equipment and manpower costs per unit of
output that are required to preduce that output within existing technological
processes. Computer programs sre but one part of this process. This curve

can be constructed empirically by measuring the outputs of several different
systems, and the manpower and equipment inputs that were used to nroduce these
outputs. Each of the ten dots ir Figure 6 represents a different system (or
organization, or firm) whose outputs are measured in the same units, and whose
manpower and ADP equipment inputs are known. The line ABCD connects the points
on the concave hull that is closest to the origin., That is, pairs uf points are

chosen for which th  iine joining them:

1. Has a negative slope.
2. Is closer to the corigin than any observed point.

*Based on the proposition that the greater the quantity of a factor use, the
less its marginal productivity will ve ' k).
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To complete the diagram, broken linee are drawn pavallel to the axes from

the extreme points «f the concave hull. Firmg A, B. C, ard D thus represent
the productive performance that 1s mest efficient (minimum use of resources

per unit of output) for their own pariicular mix of resources; theirs are the
best combinations of labor and capital attained by any of the firms in the
sample. The reasons why one firm exhibts better performance than another (such
as the use of more efficient systems, or better computer programs) are not

apparent at this point--only the actual differences in performance.

The function constructed in Figure 7 is an approximation of the best-practice
production function. The slope of the production functior at any peint indicates
the rate of substitution of labor for capital. The -lope AB, for example,

indicates the quantity of labor that must be substituted for capital to sustain

a constant output when a change 1i: made {n the structure of the firm (l.e.,
in the mix of resources) from that represer ed by Firm B to that representec

by Firm A.

The best-practice production function is a technological relationship, portraying
the highest state of the art attained in practice by any member of the samyple,

for different resource mixes. I1f an equal-cost line--a line with a slope equal

to the un:i cost ratios «f capital and labor--is drawn tangent to the best-
practice produrrizn {unction, the point of tangency repres- .ucs that firm that
also haas the lowest-cost combination of resources. Thia is the optimum firm
(Firm B {p the example of Figure 7.) Again, this does not mean that Firm B in

Figure 7 has the besr computer programs; only that its total overall operations,
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including its hardware and software resources, are currently producing better

results at less cost than the other firms.

The construction of a best-practice production function in the manner described
above implies that all firms on the best-practice curve are operating at peak
efficiency; 1f output were increased, the amount of resources employed would
therefore have tc increase correspondingly. This may not be strictly true,
since indiviaibility of unite of a resource may provide some reserve capacity.
Also, a best-practice firm mav lead the field tc such an extent that its actual
performance substantially understates its capability. Such considerations mean
that the proposed method tor arriving at a best-practice production function

is conservative in the sense of producing a realistically obttainable target for
an administrative system to attain., That :s, investment in system changes can
be expected to result in total cost savings up to that measured by the difference

beatween current operations and the best-practice tarcet.

Having constructed a8 production function representing the best-practice standard
for a sample of firms, we are now prepared te build indices relating the per-

formance of any giver firm to this standard.

There are many ways of comparing the performance of a given firm with the
standard represented by a best-practice productica. In a mor2 elaborate
gescription of this method (19}, & total of twelve evaluation indices were
advanced; at this time [ will illustrate the potentials ov desceibing oniv two:

the Technical Efficiency Index, and the Relative Manpower !:ilization Index.
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To construct the Technical Efficiency Index for the system represented in
Figure 7 by point P, point P is connected 0 the origin by a straight line
intersecting the best-practice production function at point G. The technical

efficiency of system P is then represented by:

Technical Efficiency Index = %%
Thi{s index, a contribution of the Englisn econonist, M. J. Farrell (25), measures
the success of system P, relative to a hypothetici' "irm G (firm G consists of a
weighted average of the most appropriate observsd firms on the best-practice
production function), in producing maximum output from a giver set of inputs
[echnical efficiency. as here defined, compares systems on the basis cof equiva-
leat mix of inpats. Much of the difficulty in making intersystem comparisons,
as between svetems P and 5 in Yigure 7, arises from the oblection tiat such
svswems are so fundamentally Jdifferent that a vomparison woulc be meaningless.
we have previously assumed roughly equivalent outruts, the technical efficiency

index atzempts to achieve comparabilitv on tne input siade, substantially

mivigating this obltection.
R R !

“ince tecnnical efficiency is a function of the Pesi-practice preocuction
runction, the evaluation of 8 fir~ depe s not only on tinat firm's realiized
aclfevemeng, »ul or the possitie acrievenent available to 1t ~itnin the
constraints of tecnnology. tven 1f a tire ~proves i1ts performance, {ts
technical etficiency index will decrease {f even greater i{mprovement is
aciicved v otner firms (tinis wouid e represented v a grester movement

.

ceward the origin by tne productieon functieon in Figure 7 toan by the peint
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in question). Another important property of technical efficiency is that the
lowast-cost firm in the esmple will always have perfect technical cfficioncy.

but 8o may a number of other firms operating with different proportions of

inputs.

The Relative Manpower Utilization Index is formed (Figure 7) by drawing a
straight line from point P parallel to the manpower expense axis, inter-
secting the production function at F and the equipment-expense axis at E. The

Relative Manpower Utilization Index of systen P is then represented by:

Relative Manpower Utilization Index -'%5

This index is a measure of the degree tnghich manpover expense can be reduce@
(within the limits of the technology) assuming tﬁat equipment expense remains
constant. The index may find use in the evaluation of current manual procedures
and various personnel factors. It is superior to simply comparing labor pro-
ductivity to that of the least-total-cost firm (point B, Figure 7) or the

firm with the lowest manpower expense per unit output (point A, Figure 7,
because it explicitly considers the contribution of'the equipment resource

(and the computer programs that are included with it) available at the

pertinent manpower/output level.

Both the Techmical Efficiency Index and the Relative Manpower Utilization
Index are ratio quantities. And there is always some question as to whether
ratio measures can be conceptually adequate measures of system performance.

Since this is an important consideration to the usefulness of the technique
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Just described, a discussion of the appropriateness of ratios as measures of

effectiveness is in order.

The reason of'‘ten advanced for avoliding ratios in coste-effectiveness studies is
that optimal ratios like optimal computer programs, per se, are usually not the
primary goal. A distraction from primary objectives can lead to ridiculous cone-
clusions. For example, the selection of & house on the basis of the least cost
per square foot could result in the choice of a $500,000 mansion rather.than the
$25,000 bungalow that may more closely meet the real needs and budget of the

purchaser.

Because absolute magnitudes are important, the general statement of those

criteria sppropriate for cost-effectiveness studies distinguishes the following (19):

1. Fixed gain, variable cost. Resources are added to the various alter=
natives up to the point where each alternative accomplishes the
objective; the best alternative is that with the least absolute cost.

2. TFixed cost, variabie gain. The alternative is chosen that accomplishes

the most objectives (or the greatest degree of a single objective) at

a given cost.

3. Maximize absolute difference between gain and cost.

Each of these three criteria is generally acceptable; each has its advantages,
depending on the problems of measurement and the circumstances of a particular
problem. The fixed-gain casc is especially applicable to problems in which

achievement of the objective is binary--i.e., you either win or lose (this

would be appropriate for many military decisions). Many situations in which
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gain is difficult to measure may be handled with the fixed-gain ("just meet

the specifications") criterion. [he fixed-cost case is, of course, most

useful when the major constraint on the problem is a fixed budget; it can

also be a convenienct ¢ri: rion when there are many subsidiarv objectives.

The fixed-cost and the fixed-gain criteria sre eguivalent, if the size of
either gain or cost is tune same ian both of the two tests; that is, if the

best alternative for a 5100 budget produces a gain of 5U, then thne least-cost
cholce for a fixed-gain of 50 would be the same alternative, which costs $10C,
Therefore, the cli~ice between the fixed-cost or the fixed-gain criteria depends
largely on whether cost or gain can be more readily fixed in the particuilar

analysis in question.

K

The application of the third criterion--maximiz’~g the difference between gain
and cost~~-depends on the ability to measure gains and costs 1in the same kinds
of units. This c¢riterion is the same as the tamiliar business criterion of
"profit maximizatien.'" Srated in the economist's terms of total unit costs

and outputs, the optimum (maximum gains) occurs at the output level at which
marg.nal costs equal marginal revenue. When opportunity costs are considered--
that is, when the gains forfeited by not choosing an available alternative are

included in the costs of the remaining alternatives--to maximize gai.s minus

cost is the same as maximizing total gains.

The reason for the above elaboration is that under certain circumstances, a

ratio may in fact be simply a restatement of the three generally acceptable

criteria. The contention is that for most business firms, profit maximization
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i{s still the best assumption as to the objective of the firm, and that
internal efficiency is the handmaiden of profit maximization. If long-run
unit costs do not necessarily increase with increased output {(i.e., if rhere
are no significant diseconomies of large-scale production), and there is good
reason tc believe that this is the case {2), there is no incentive for the firm
to restrict output; on the contrary, the firm wcould tend to increase its
output to the limits of the market. Under these conditions, with the
objective of making absolute size as large as possible, the ratic of costs

to the cutputs becomes an excellent measure of efficlency; it is equivalent
to either the minimum cost at fixed gain or the maximum gain minus cosat
criteria. The best ratic indicates the prefervrred system, no matter what

the scale.

me of the problems in constructing indices in the manner suggested herein

is that it i{s not always easy tc find situations where the three basic requisites
y ) q

of the method (obiective measure of output; sample of systems with generally
similar outputs; more than one important input factor) are met. However,
there are many cases where these metheds do apply. The potential for a

50 percent saving in manpower expense ir the life insurance industry cited
earlier in this paper was obtained by the use of the Relative Manpower
Utilization Index. And {requently, minor variations in the operations of
different svstems within a sample can be accounted for with such standard
techniques as multiple iegressi»u analysis. These matters are dealt with at

length elsewhere (2, 19).
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Before leaving the topic of evaluation indices, one further point is in
order. This relates to the me~ning of such overall productivity indices as
defined herein to the management of the computer programming process. The
meaning for programming management 1s aimply that the product.vity of the
system, &8 measured by the Indices. 18 a veflection of the ultimate success
ovf rhe total system; computer programs are merely one element in this
nrodustive process. Even if the measurement of the quality or efficiency

of computer programs poses difficult conceptual and empirical problems,
ultimate system producti.ity can be quite objective; and computer programs
have little value 1f they do not have an impact on the ultimate objective of
the system. Thus we return agein tc basic management principles, in this
case management by objectives (26), to develop a tool for system evaluation.
It is nct necessary, however, to look only at the final productivity figures
in using indices such as those suggected here; or the input side, the
components of these indices, can be traced back to their scurce, as
illustrated bv Figure 8., Thus, a series of related indices can be
constructed; such a series should be quite useful for exploring the causes

5f rariations in total systems productivity.
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SUMMARY AND CONCLUSIONS

I have "'‘scussed s. ‘eral useful tools for the computer programming manager
developed at the System Development Corporation: a planning guide; empirically
derived computer program cost estimeting guides; a project reporting and a data
coliection system. I have also describea a few of the basgic concepts of a
method for evaluating the comparative efficiency of EDP augmen.el administrative
systems with measurable outputs. None of these tools are revolutionarv or novel
in their design or application; on the contrary, their develomment illustrates

the arn~lication of well established management principles,

Both the planning guide and the cost estimating handbook have been widely dis-
tributed to government agencies and also to a number of private corporations.

I have neot made any direct effort to measure the benefits to these organizations
trom the use of these materials, but the comments received to datc indicate a
gratifying acceptance. The project reporting svstem has been delivered to the
Air Force Data Systems Design Center for their use. And, as mentioned earlier,
the productivity evaluation indices have been successfully applied to test
several management hypotheses for a sample of firms in the iife insurance

industry.

The experience received from working on the programming munagement tocls des-
cribed above results in the following general observe*ions:
1. Cost data should be collected as the programming project proceeds, not

after the fact, 1f cost prediction with accuracy greater than that
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I~

demonstrated by the material presented in this paper is desired.

Te deveiop useful estimating relationships with acceptable predictive
power, the znalysis should have a comparatively narrow focus, such as

on specific languages and/or applications. For example, a study of

LoBOL programming for inventeory applications could be of considerable
value, both as a research vehicle for measuring the impact of important
factors {(e.g., programmer experieuce) and for developing accurate and
dependable estimating r~lationships.

All permanent programming organizaticns should collect cost data on their
own operations. This would enable the develo,ment of estimating relation-
ships that are directly pertinent tc each organization'’s own mix of resources,
products, and particular environment, as well as promote better project
control. The exteirt and detail of the data collection would depend

upon the particular cperations; however, the determination of at least

the total resources expended ‘er project {s recommended for all operations.
The basic structure fc: planning, presenting data (the handbooks), or
collecting information (the reporting system), developed by 3DC could

be used even without modification by all computer preogramming organiza-
tions. Some adaptation of this material, however, would probably be
advisable (e.g., the level of detail at which costs are collected would
depend upun the size of programming projects). The numerical cist

estimation material from SDC's research (e.g., Table [ and Figures 3}, &

» ’

and 5) should be used with extreme caution, not onlv because of the

validity of data collected ex-post-factor by quecticnnaire, but because
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the sample studied by SDC may not be representative of the program mix
0f the user.

5. Fvaluation indices ot the type de.:ribed herein are empirically work-
able, and are conceptually adequate measures of system performance for
certain kinds of systems. They are recommended for use in research on
the behavior of organizations and the ultimate impact of cc iter
programs. Also, the construction of these indices and the tracing of
their components to their sources could be used as a toundation for a

managenent information system.

The major conclusion, however, 1s the basic propnosition with which this paper
was introduced: that the most expeditious means to enhance the management of
computer programming today 1s to apply to the computer programming process the

principle of management currently successtul in other coordinated activities.
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The paper emphasizes four specific types of management tools that were produced:
(1) planning aids; (2) cost estimating guides; (3) a project reporting and control
system; (L) a technique for evaluating the effectiveness of certain classes of
computer-centered information systems. Each of these tools is briefly described,
and the research design and procedures used in their development are mentioned.

The experience gained -- at SDC and elsewhere -- in applying traditional research

the economic and management dimensions of computer programming, and seversl of these
insights are discussec. Foremost among this author's conclusions is that the
management princirlec that apply to any other coordinative activity are equally
applicable to the computer programming process. Specific techniques may differ,
especially at the lower echelons, but these differences pertain to the tecknical

or economic issues. The paper concludes with several general observations pertinent

to future research in computer programming economics and management, and the use of
the management tools described.
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techniques to the computer programming process has yielded certain insights regarding

skills and procedures of the production process, they are engineering, not mansgement
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